INTRODUCTION
Drought is a worldwide problem constraining global crop production and food quality, particularly in the drylands. Global climate change is modifying patterns of rainfall and temperature variation, thereby posing serious threats to agricultural productivity (Macholdt and Honermeier, 2016) . This sitation has serious implications for farmers. Pakistan lies in a semi-arid region, and therefore, most of the agricultural activities of the country depend on supplemental irrigation (Abbas et al., 2015) . The export of numerous value added cotton-based textiles sustains the economy of Pakistan, contributing 7.1% to the agriculture sector and 1.5% to GDP (Government of Pakistan, 2015) . Owing to the importance of cotton for the local textile industry and export, it is widely grown in the core and non-core areas of the country irrigated by canals (Bhatti et al., 2009) . Development of quality fiber depends on availability of adequate water. Therefore, cotton production declines if the crop encounters drought during the reproductive stage (Saleem et al., 2016; Wang et al., 2016) . Because drought is a major threat to cotton production, it requires more attention than other problems. In such a scenario, breeding crop varieties with improved drought tolerance has great economic importance (Umezawa et al., 2006) , and genetic variation is the most important prerequisite for successful accomplishment of this goal (Ullah et al., 2008; Azhar et al., 2009) .
The advent of biotechnology has accelerated the process of plant breeding by introducing novel techniques for creation and exploitation of genetic variation. Among various biotechnological tools, DNA markers are extensively employed to study genetic diversity among populations. These markers detect DNA polymorphism, and they are considered reliable for molecular characterization of germplasm. Molecular markers like Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), Restriction Fragment Length Polymorphism (RFLP), Simple Sequence Repeats (SSR), Inter Simple Sequence Repeats (ISSR) and Sequence-related amplified polymorphism (SRAP) have been extensively used in analyzing cotton genotypes (Preetha and Raveendren, 2008; Bardak and Bolek, 2012) . The potential of this technology was evident in a number of applications, such as marker assisted selection (MAS), QTL mapping, DNA fingerprinting, and hybrid verification in Gossypium species (Asif et al., 2009; Islam et al., 2012) .
Simple Sequence Repeats (SSR) or microsatellites are short, tandemly repeated motifs (DNA sequences) with widespread distribution throughout the genome. Hoshino et al. (2012) reported SSR markers to be highly polymorphic, co-dominant, easy to interpret and transferable between species. In addition, according to Zhang et al. (2012) these markers are cost-effective and easily detectable through polymerase chain reaction (PCR) than the other marker techniques. SSR markers remain conserved among closely related species and therefore extensively used in selection of plants possessing desirable traits, genetic diversity analysis, assessment of phylogenetic relationships, linkage analysis, and cultivar identification (Morgante et al., 2002; Zhang et al., 2003) .
In the present study, 22 cotton genotypes were analyzed using SSR markers to explore genetic divergence, with the objective of identifying the genetic background of the cotton genotypes.
MATERIAL AND METHODS

Plant material
The present study was conducted at the Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan. In this investigation, 50 cotton genotypes were subjected to artificial drought stress, equivalent to 80% of the field capacity, in a greenhouse. Drought stress was imposed at the two true leaves stage and continued for four weeks. After four weeks, data were recorded on drought induced morpho-physiological responses, including root length, shoot length, relative water content, and water content in excised leaves (data not shown here). Out of the 50 cotton genotypes studied, 22 were selected based on drought tolerance in the traits mentioned above. These 22 cotton genotypes (Table 1) were grown in the greenhouse. Seeds of all 22 cotton genotypes were soaked overnight. Holes of 2.5 cm depth were prepared in earthen pots containing a mixture of sand, soil, and farmyard manure in equal proportions. During germination and growth, temperature in the greenhouse was maintained at 20°C during night and 30°C during daytime using water circulation and electric heaters. The plants were provided a photoperiod of 16 h, and relative humidity of 65 ± 2%. Young leaves from three-week-old seedlings were collected in plastic zipper bags and stored in a freezer at -70°C for further use. 
DNA isolation and quantification
Genomic DNA extraction was performed by the Cetyl trimethylammonium bromide (CTAB) method (Murray and Thompson, 1980) . The concentration of extracted DNA was determined by spectrophotometry at 260 and 280 nm using the NanoDrop ND-1000 Spectrophotometer (Nano-Drop Technologies, Wilmington, DE, USA). Quality of DNA was checked by electrophoresis of DNA samples on 0.8% agarose gel. The DNA samples that produced a smear on the gel were rejected. Working dilutions of DNA for SSR analysis (30 ng/µL), were prepared by adding double distilled H 2 O to aliquots of the stock DNA samples.
Microsatellite/SSR analysis
Thirty SSR primers of the JESPR series ) were used to identify the genetic divergence among the 22 genotypes. The final volume of each PCR mixture was 20 µL containing 2 µL template DNA, 6.4 µL 2.5 mM dNTPs, 2 µL (NH 4 ) 2 SO 4 buffer, 2 µL 25 mM MgCl 2 , 2 µL SSR primers (1 µL each of the forward and reverse primers), 0.2 µL Taq DNA polymerase, and 5.8 µL double distilled H 2 O. SSR amplification was performed in a Peqlab gradient thermocycler (BIO RAD Laboratories, Hercules, CA, USA). The PCR consisted of initial DNA denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, extension at 72°C for 1 min, and ended with a final extension of 72°C for 4 min. The PCR products were stored at -20°C. All the SSR (PCR) fragments were resolved on a freshly prepared 6% polyacrylamide gel [acrylamide:bisacrylamide (20:1) mixture] using a vertical gel electrophoresis system (PROTEAN II xi Cell, BIO RAD Laboratories, Hercules, California, USA), using 1X Tris/Borate/Ethylenediaminetetraacetic acid TBE as running buffer at 200 V. The 50 bp DNA ladder (Fermentas, Waltham, MA, USA) was used to estimate the molecular weights of the amplified PCR products. Finally, the gel was immersed in a staining solution (8 µL ethidium bromide dissolved in 100 mL of distilled water) for 20 min, and washed with double distilled water for 5-10 s. Photographs of the gel were taken using Molecular Imager ® Chemidoc (BIO RAD Laboratories, Hercules, CA, USA).
SSR data analysis
All visible and unambiguously identified fragments were scored as present (1) and absent (0). Polymorphic Information Content (PIC) value of each SSR locus was also calculated using the equation developed by Anderson et al. (1993) . Popgene version 1.44 (Yeh and Boyle, 1997) was used to calculate the similarity indices using Nei's similarity coefficient (Nei, 1972) , and analyze the genetic relationship using cluster analysis.
RESULTS AND DISCUSSION
Molecular marker technology holds great promise for crop improvement, particularly in cotton, a crop in which repeated cycles of directional selection for high yield and early fruiting might have caused loss of genetic diversity (Iqbal et al., 2001) . In the present study, 30 SSR primer pairs were used to estimate genetic divergence among 22 cotton genotypes. Out of 30, 11 SSR primers (i.e., 37%) were informative and discriminated among the cotton genotypes (Table 2 ). These 11 polymorphic primers detected 41 alleles with an average of 3.72 alleles per locus. Among these 41 alleles, 16 (i.e., 39%) were polymorphic. PIC values ranged from 0.17-0.70. These findings were consistent with that of Bertini et al. (2006) , who reported low PIC values while examining the genetic diversity in 53 cotton cultivars. In addition, Jia et al. (2014) , who used 106 SSR primer pairs to estimate molecular diversity in 323 genotypes of Gossypium hirsutum grown under drought stress, detected narrow genetic base in the experimental material, indicated by low PIC value (0.53). Further, previous molecular markerbased studies had shown limited genetic variation in upland cotton. For instance, Rungis et al. (2005) , Zhang et al. (2011) , Ullah et al. (2012) , and Dahab et al. (2013) assessed genetic distances among selected cotton cultivars using a limited number of microsatellites, and reported low allelic diversity. In contrast, studies conducted on cotton race stocks detected higher polymorphism, which clearly suggests that modern cultivars have narrow genetic base owing to domestication (Liu et al., 2000; Azmat and Khan, 2010) . In the present study, genetic similarity coefficients ranged from 0.87-1.00. The cluster analysis (Figure 1 ) produced by un-weighted pair group method of arithmetic averages (UPGMA), grouped 21 genotypes in two main clusters, which further branched into subclusters. CIM-109 did not group with other genotypes and therefore exhibited maximum divergence. Clusters I and II contained eight and thirteen genotypes, respectively. In cluster I, NIAB-111 and BH-118 formed the most divergent pair, while DPL-26, CIM-496 and 124F were grouped together showing high level of genetic relatedness (similarity coefficient=1.00). In cluster II, maximum genetic relatedness was found in genotypes FH-1000, H-499, CIM-446, FH-900, and CIM-240. In the same cluster, another group was constituted by genetically related genotypes including BOU-1724, FH-87, NF-801-2-37 and MNH-129 and CIM-707. Similar findings were reported by Kalivas et al. (2011) and Ehsan et al. (2013) who detected low genetic diversity in commercial cotton cultivars used in their study. The principal component analysis (PCA) plot, based on the first and second component factors of the microsatellite data, grouped the 22 cotton genotypes mainly into three groups (Figure 2 ). Group I was located near the X-axis, and contained genotypes BOU-1724, FH-87, NF-801-2-37 and MNH-129 and CIM-707. The distant location of group I from the origin indicated broad genetic base of genotypes included in it. However, the location of the genotypes B557 and CIM-707 close to the origin indicated lack of genetic diversity. The PCA plot positioned group II and group III near the Y-axis and the Y´-axis respectively. Genotypes included in group II [FH-1000, H-499, CIM-446, CIM-900, FH-240] revealed more genetic divergence than those clustered in group III . Thus, PCA plot confirmed the information generated by the genetic similarity matrix and cluster analysis.
